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(57) Abstract: An optical tracking system using a variable focal length lens includes at least one camera system, and the at least 
one camera system includes an objective lens system, configured to receive an object image, and at least one micromirror array lens, 
optically coupled to the objective lens system, configured to focus the object image received by the objective lens system onto an 
image sensor. The image sensor is optically coupled to the micromirror array lens, configured to receive the focused object image 
from the micromirror array lens and to sense the focused object image. The advantages of the present invention include ability to 
rapidly change the focal length and optical axis of a camera system, allowing for high-resolution, wide-angle imaging. 
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Description 

OPTICAL TRACKING SYSTEM USING VARIABLE FOCAL 

LENGTH LENS 

REFERENCE TO RELATED APPLICATIONS 
[1] This application is a continuation-in-part of, and claims priority to US Pat. App. Ser. 

No. 10/806,299 (Docket No. 1802.03), filed March 22, 2004, US Pat. App. Ser. No. 
10/822,414 (Docket No. 1802.04), filed April 12, 2004, US Pat. App. Ser. No. 
10/855,554 (Docket No. 1 802.05), filed May 27, 2004, US Pat. App. Ser. No. 
10/855,715 (Docket No. 1802.06), filed May 27, 2004, US Pat. App. Ser. No. 
10/855,287 (Docket No. 1802.07), filed May 27, 2004, US Pat. App. Ser. No. 
10/857,796 (Docket No. 1802.08), filed May 28, 2004, US Pat. App. Ser. No. 
10/857,714 (Docket No. 1 802.09), filed May 28, 2004, US Pat. App. Ser. No. 
10/857,280 (Docket No. 1802. 10), filed May 28, 2004, US Pat, App. Ser. No. 
10/872,241 (Docket No. 1802.1 1), filed June 18, 2004, US Pat App. Ser. No. 
10/893,039 (Docket No. 1802. 12), filed July 16, 2004, US Pat. App. Ser. No. 
10/896,146 (Docket No. 1 802.14), filed July 20, 2004. 

FIELD OF THE INVENTION 
[2] The present invention relates to optical systems in general and more specifically to 

optical tracking systems. 

BACKGROUND OF THE INVENTION 
[3] Movement detection/tracking systems (optical tracking systems or tracking 

systems) have numerous applications, including those detailed in the following 
patents; autonomous vehicles (US Pat. No. 6,535,1 14), monitoring systems (US Pat. 
No. 6,690,374), sports cameras (US Pat. No. 6,567,038), conference video systems 
(US Pat. No. 6,507,366), surgery (US Pat. Nos. 6,725,079 and 6,662,036), positioning 
(US Pat. No. 6,490,473), inspection (US Pat. No. 6,259,960), spotlighting (US Pat. No. 
6,079,862), and machinmg (US Pat. No. 6,429,404). Conventional tracking systems 
use one of several different types of sensors such as millimeter-wave, laser, ultrasonic 
wave, or infirared/visual imaging sensors. There are also numerous types of tracking 
apparatuses and signal processing schemes for use in conjunction with conventional 
tracking systems, including visual image tracking systems. 
[4] Conventional image tracking systems can be divided into two groups, single 

imaging systems and plural imaging systems. Single imaging systems (those having a 
single imaging camera) generally have a simpler configuration and image-processing 
scheme than plural imaging systems (those having multiple imaging cameras). 
However, single imaging systems cannot produce three-dimensional information. 
Furthermore, it is difficult to extract distance information from a single imaging 
system xmless it is used in combination with a device such as a range finder. 
Additionally, because the field of view (FOV) of the imaging system is limited, it is 
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easy to lose track of fast moving objects (that is, the single imaging systems typically 
have a high 'tracking dropout' rate). 

[5] Figs. 1(a) -1(b) are block diagrams of prior art image tracking systems (tracking 

systems). In Fig. 1(a), the image tracking system 100 includes an imaging camera 
(camera system) 101 configured to capture images. The imaging camera 101 may use 
either a visual or infrared wavelength. Imaging cameras using a visual wavelength 
may acquire a color image, but do not perform well at night or in heavy fog. Imaging 
cameras using an infrared wavelength cannot acquire a color image, but may be used 
at night or in heavy fog. Regardless of whether the imaging camera uses visual or 
infrared light, the construction of the imaging camera may be similar in its components. 

[6] An image sensor 102 is coupled to the imaging camera 101, configured to sense an 

image. The image sensor 102 may use either a visual or infrared wavelength. The 
image tracking system 100 also includes an image processor 103, conmiunicatively 
coupled to the image sensor 102, configured to process the images sensed by the image 
sensor 102 and to generate an output signal 106. In the system, the image processor 
103 may include an object-identifying algorithm. 

[7] In Fig. 1(b), the prior art image tracking system 170 includes a tracking controller 

104, communicatively coupled to the image processor 103. The image processor 103 
is configured to generate image data 106 and position information 109 of a tracked 
object and the tracking controller is configured to generate a tracking signal 108. In 
one embodiment, the tracking controller 104 includes a camera attitude control 
algorithm and attitude controller. A movement system 105 is mechanically coupled to 
the imaging camera 101 and communicatively coupled to the tracking controller 104, 
configured to adjust the attitude of the imaging camera 101 in response to the tracking 
signal 108 from the tracking controller 104. In one embodiment, the movement 
system 105 may include, for example, a servo or gimbal system. 

[8] Plural imaging systems are capable of generating three-dimensional information and 

reducing the dropout rate by using two lenses with different FOVs, one narrow FOV 
for high resolution image and one wide FOV for low tracking dropout rate. However, 
use of multiple imaging cameras in the plural imaging systems complicates the 
structure of the tracking system and its image-processing algorithm. 

[9] Image tracking systems typically require that the image of object being tracked be 

in the center of the image sensor, requiring a camera attitude control system. Typically, 
the attitude of the imaging camera is adjusted using a servo motor or a gimbal system. 

[10] US Pat. No. 6,734,91 1 describes using a dual-angle lens to obtain both wide-angle 

imaging and narrow-angle imaging of a scene. However, the system described in the 
'911 patent uses a very complex lens and generates large image distortion for wide- 
angle imaging. Furthermore, this system requires that the attitude of the imaging 
camera be adjusted by a servo motor. 
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Therefore, what is needed is an optical tracking system offering a highly adjustable 
field of view with minimal distortion and simplified construction. 

SUMMARY OF INVENTION 
The present invention addresses the problems of the prior art and provides an 
optical tracking system using a variable focal length lens. 

In one embodiment, an optical system includes at least one camera system, and the 
at least one camera system includes an objective lens system, configured to receive an 
object image, and at least one micromirror array lens, optically coupled to the 
objective lens system, configured to focus the object image received by the objective 
lens system onto an image sensor. The image sensor is optically coupled to the 
micromirror array lens, configured to receive the focused object image from the 
micromirror array lens and to sense the focused object image. 

In one aspect of the invention, the optical system also includes an image processor, 
communicatively coupled to the image sensor, configured to process the object image 
sensed by the image sensor and to generate image data and position information of the 
object. 

In another aspect of the invention, the optical system also includes a tracking 
controller, communicatively coupled to the image processor, configured to generate a 
tracking signal to control at least one of the group consisting of: an attitude of the 
camera system, an optical axis of the micromirror array lens, and a focal length of the 
micromirror array lens. In another aspect of the invention, the tracking controller 
includes an attitude control algorithm to control the attitude of the camera system. In 
another aspect of the invention, the tracking controller includes a control algorithm to 
control at least one of the group consisting of: the optical axis of the micromirror array 
lens, and the focal length of the micromirror array lens. 

In another aspect of the invention, the optical system also includes a movement 
system, mechanically coupled to the camera system and communicatively coupled to 
the tracking controller, configxH"ed to adjust the attitude of the camera system in 
response to the tracking controller signal. In another aspect of the invention, the 
movement system includes at least one of the group consisting of: a servo, and a 
gimbal system. 

Because the focal length of a micromirror array lens (MMAL) can be quickly 
changed, a narrow FOV for high resolution image and wide FOV for low tracking 
dropout in an imaging device can be realized using time-sharing technique. It is also 
possible to adjust the optical axis of the MMAL to make an object image in the center 
of the image sensor. The optical axis changing characteristic of the MMAL provides 
potential for a tracking system does not use a servo mechanism for controlling camera 
attitude for a limited range. When the MMAL is used in imaging device of a tracking 
system, the system can be simpler and weigh less than conventional tracking systems. 
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[18] The advantages of the present invention include ability to rapidly change the focal 

length and optical axis of a camera system, allowing for high-resolution, wide-aagle 
imaging. 

[19] These and other features of the present invention will be described in more detail 

below in the detailed description of the invention and in conjunction with the 
following figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[20] The present invention is illustrated by way of example, and not by way of limitation, 

in the figiares of the accompanyuag drawings and in which like reference numerals 

refer to similar elements and in which: 
[21] Figs. 1(a) - 1(b) are block diagrams of conventional image tracking systems; 

[22] Figs. 2(a) - 2(b) are block diagrams of image tracking systems, according to 

different embodiments of the present invention; 
[23] Fig. 3 is a schematic representation illustrating field of view (FOV) of an imaging 

camera system; 

[24] Fig. 4 is a schematic representation illustrating acquisition of distance information 

using two conventional cameras; 
[25] Fig. 5 is a schematic representation of an imaging system using a micromirror array 

lens, according to one embodiment of the present invention; 
[26] Figs. 6(a) — 6(b) are schematic representations illustrating measurement of object 

distance at two different times, according to one embodiment of the present invention; 
[27] Figs. 7(a) - 7(b) are schematic representations illustrating tracking of an object by 

changing the optical axis of the camera, according to one embodiment of the present 

invention; 

[28] Figs. 8(a) - 8(b) are schematic representations illustrating changing of the optical 

axis of a micromirror array lens, according to one embodiment of the present 
invention; 

[29] Figs. 9(a) — 9(c) are schematic representations illustrating acquisition of three- 

dimensional infonnation, according to one embodiment of the present invention; and 

[30] Fig. 10 is a flow diagram of a method in an optical system having at least one 

micromirror array lens, according to an embodiment of the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
[31] The present invention will now be described in detail with reference to a few 

embodiments thereof as illustrated in the accompanying drawings. In the following 
description, numerous specific details are set forth in order to provide a thorough 
understanding of the present invention. It will be apparent, however, to one skilled in 
the art, that the present invention may be practiced without some or all of these 
specific details. In other instances, well known process steps and/or structures have 
not been described in detail in order to not unnecessarily obscure the present invention. 
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[32] An optical tracking system (tracking system) using a variable focal length lens 

(micromirror array lens) includes a plurality of micromirrors. Because of the ease of 
fast adjustiag the focal length of the lens by adjusting the micromirrors (by rotation 
and/or translation) the tracking system may provide a high-resolution image and fast 
object tracking capabilities with low tracking dropout rate. To obtain high-resolution 
images, the tracking system is configured to have a small field of view (FOV). 
However, since tracking systems having small FOVs may easily lose a tracked object, 
a large FOV is required to reduce tracking dropout. Thus, by rapidly changing the 
focal length of the micromirror array lens (MMAL), a high-resolution image as well as 
a wide-angle image may be provided. 

[33] A variable focal length lens (micromirror array lens) including a plurality of 

micromirrors is described in US Pat. App. Ser. Nos. 10/855,287, 10/857,714, 
10/855,554, 10/855,715, 10/857,796, and 10/857,280. As described in the 10/855,287, 
10/857,714, 10/855,715, and 10/857,280 applications, by translation and/or rotation of 
each micromirror in a microminror array lens, a variable focal length lens capable of 
having the direction of its optical axis changed is provided. High speed tracking can be 
performed by controlling the optical axis of the micromirror array lens. The changes of 
focal length and optical axis may be performed rapidly, due to the use of 
independently adjustable micromirrors. 

[34] Because the focal length of the micromirror array lens described in the 10/855,287, 

10/857,714, 10/855,554, 10/855,715, 10/857,796, and 10/857,280 applications maybe 
rapidly changed, the micromirror array lens is well suited for an imaging device 
(imaging camera) that provides a narrow field of view (FOV) for a high resolution 
image and a wide FOV for low tracking dropout, using a time-sharing technique. 
Furthermore, as stated above with reference to the 10/855,287, 10/857,714, 10/855,715, 
and 10/857,280 applications, the optical axis of micromirror array lenses may be 
adjusted, providing a way to image a tracked object in the center of the image sensor. 
The ability to change the optical axis of the micromirror array lens may allow for an 
optical tracking system that does not require a servo mechanism or gimbal system for 
controlling the attitude of the imaging camera, Furthennore, when a micromirror array 
lens is used in an imaging camera as part of an imaging tracking system, the tracking 
system may have a simpler construction and weigh less than a conventional tracking 
system. 

[35] Figs. 2(a) - 2(b) are block diagrams of image tracking systems (tracking systems or 

camera systems), according to different embodiments of the present invention. In the 
embodiment depicted in Fig. 2(a), an image tracking system 200 includes an imaging 
camera 201 having an objective lens system configured to receive an object image. 
The image tracking system 200 also includes a micromirror array lens 207, optically 
coupled to the imaging camera 201, configured to focus the object image received by 
the imaging camera 201 onto an image sensor 202. The micromirror array lens 207 
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may also be configured to change the focal length, field of view (FOV), and/or optical 
axis of the image tracking system. The image sensor 202 is optically coupled to the 
micromirror array lens 207, and is configured to receive the focused object image from 
the micromirror array lens 207 and to sense the focused object image. The image 
tracking system 200 also includes an image processor 203, comurnvmicatively coupled 
to the image sensor 202, configured to process the object image sensed by the image 
sensor 202 and to generate an output signal including image data 206 and position 
information 206 of the tracked object. In one embodiment, the image processor 203 
includes an object identification and recognition algorithm. 
[36] In the embodiment depicted ia Fig. 2(b), an image tracking system 270 includes a 

tracking controller 204, coromunicatively coupled to the image processor 203. The 
image processor 203 is configured to generate a position information of the tracked 
object and the tracking controller 204 generates a tracking signal 208. In one 
embodiment, the tracking signal 208 is configured to control the attitude of the camera 
system, the optical axis of the micromirror array lens, and/or the focal length of the 
micromirror array lens. In one embodiment, the tracking controller 204 includes an 
attitude control algorithm to control the attitude of the camera system 270. In one 
embodiment, the tracking controller 204 includes a control algorithm to control the 
optical axis of the micromirror array lens, and/or the focal length of the micromirror 
array lens. 

[37] A movement system 205 is mechanically coupled to the imaging camera 201 and 

communicatively coupled to the tracking controller 204, configured to adjust the 
attitude of the imaging camera 201 in response to the tracking signal 208 from the 
tracking controller 204. The micromirror array lens 207 is communicatively coupled 
to the tracking controller 204, configured to adjust the field of view (FOV) and/or 
optical axis of the imaging camera 201 in response to the tracking signal 208 from the 
tracking controller 204. In one embodiment, the movement system 205 may include, 
for example, a servo or gimbal system. 

[38] Fig. 3 is a schematic representation illustrating field of view (FOV) of an imaging 

camera system 300. A lens system 352 is optically coupled to an image sensor 354. A 
stop 353 is coupled to the lens system 352. A light ray 351 passes the edge of the stop 
353. The field of view of the camera system is determined by the relative position 
and/or size of the lens system 352, the stop 353, and the image sensor 354. 

[39] For a high-resolution image, a camera system has a narrow angle of FOV. As FOV 

is decreased, the capturing area of the camera becomes narrow, and the object being 
tracked may be lost more easily (increase in dropout rate). Therefore, to increase or 
broaden the capturing area, the FOV of the camera must be increased. As the FOV is 
increased, the dropout rate of the tracked object decreases. However, the dropout rate 
of the tracked object increases as the speed of the object increases. In a conventional 
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camera system, rapid change of the FOV is difficult because the response time of the 
lens driving system is relatively slow. 

[40] However, a lens system using a micromirror array lens, as described in the 

embodiments of the present invention, is capable of rapid change in focal length. By 
using a time-sharing technique, the imaging camera/tracking system with micromirror 
array lens may obtain both a narrow angle image and a broad angle image in a short 
time period. Therefore, the dropout rate of the tracked object is reduced and a high- 
resolution image is maintained. Furthermore, by making rapid change of the focal 
length, the imaging camera/tracking system with a micromirror array lens may 
maintain focus on a fast moving object The principles of maintaining focus on a fast 
moving object are described in detail in US Pat. App. Ser. No. 10/896,146. 

[41] Fig. 4 is a schematic representation illustrating acquisition of distance information 

using two conventional cameras. A camera 1 401 is placed at a distance d away from 
a camera 2 402. The camera 1 and the camera 2 track an object 403. In order to track 
the object 403, the camera 1 is positioned at an angle B with respect to a vertical axis 
and the camera 2 is positioned at an angle A with respect to the vertical axis. The 
horizontal distance D from the cameras 1 and 2 to the object 403 is determined using 
the formula: 

_ f tan^xtan5^ , 
£)= a 

[42] Fig. 5 is a schematic representation of an imaging system 500 using a micromirror 

array lens. In the embodiment depicted with respect to Fig. 5, the imaging system 500 
includes an objective lens system 501, configured to receive an object image. The 
configuration of the lens system 501 shown in Fig. 5 is exemplary only. The lens 
system 501 may include any number of lenses and have different lens shapes. 
Furthermore, the lens system 501 may be combined with a conventional zoom lens 
system. A micromirror array lens (MMAL) 502 is optically coupled to the lens system 
501, configiH-ed to focus the image received from the objective lens system 501. An 
image sensor 503 is optically coupled to the micromirror array lens 502, configured to 
sense the image focused by the micromirror array lens 502. The image sensor 503 
may be a CCD (charge coupled device) or CMOS (complementary metal-oxide 
semiconductor) or other type of image sensor. 

[43] Figs. 6(a) — 6(b) are schematic representations illustrating measurement of object 

distance at two different times. A tracking camera with a micromirror array lens 602 is 
optically coupled to an image sensor 603. The distance from the center of the tracking 
camera 602 to the image sensor 603 is S/, The distance from the center of the tracking 
camera 602 to the tracked object 601 is Sobti at time=ti, as shown in Fig. 6(a) and 
SoBT2 at time=t2, as shown in Fig. 6(b). By fixing the distance (Sj) from the center of 
the tracking camera 602 to the image sensor 603, and controlling the effective focal 
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length (f) of the tracking camera 602 the distance to the tracked object 6Q1{Sobt) may 
be determined using the formula: 

[44] Figs. 7(a) - 7(b) are schematic representations illustrating tracking of an object by 

changing the optical axis of a camera. The tracked object 701 may be imaged in the 
center of image sensor 703 by adjusting the optical axis of a micromirror array lens of 
the tracking camera 702. Thus, it is not necessary to use a servo or gimbal system to 
control the attitude of tracking camera 702. Adjusting the view angle of the tracking 
camera 702 by adjusting the optical axis of a micromirror array lens allows the 
tracking camera to track the object 701 very quickly, because the response time of a 
micromirror array lens is very fast. 

[45] Figs. 8(a) — 8(b) are schematic representations illustrating changing of the optical 

axis of a micromirror array lens. A micromirror array lens 851 includes micromirrors 
852. A light ray 853 is focused onto a point 854. Li Fig. 8(a), optical axis 856 has the 
same direction as a vector 855 normal to the plane of the micromirror array lens 851. 
In Fig. 8(b), optical axis 856 has a different direction from the vector 855 normal to the 
plane of the micromirror array lens 851. As shown in Figs. 8(a) ~ 8(b), by changing 
the optical axis of the micromirror array lens 851 by controlling each micromirror 852, 
the micromirror array lens 851 may focus two different rays with different incident 
angles to the normal vector of a micromirror array on the same point 854. 

[46] Referring again to Figs. 7(a) — 8(b), the micromirror array lens is capable of having 

its optical axis changed very rapidly. By changing the optical axis of the micromirror 
array lens through adjustment of the micromirrors, the imaging camera/tracking 
system may image the tracked object in the center of the image sensor without 
adjustment of the tracking camera/ tracking system attitude. Rapid changes to the 
optical axis of the micromirror array lens allow the imaging camera/tracking system to 
track fast-moving objects and reduce dropout rate. 

[47] Figs. 9(a) — 9(c) are schematic representations illustrating acquisition of three- 

dimensional information. Fig. 9(a) depicts a camera system with a micromirror array 
lens 905 in a first focused plane 901 A. The in-focus image 901B projected onto the 
image sensor 904 corresponds to the camera system 905 in focused plane 901A. Fig. 
9(b) depicts the camera system 905 in a second focused plane 902A. The in-focus 
image 902B projected onto the image sensor 904 corresponds to the camera system 
905 in focused plane 902A. Fig. 9(c) depicts the camera system 905 in a third focused 
plane 903 A. The in-focus image 903B projected onto the image sensor 904 
corresponds to the camera system 905 in focused plane 903A. A three-dimensional 
image profile 906 with all-in-focused image and depth information is provided, using 
the in-focus images 901B, 902B, and 903B. 
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The focal (focused) plane of an imaging device is chaQged by changing the focal 
length of each micromirror array lens. An imaging unit includes one or more two- 
dimensional image sensors that taking an original two-dimensional image at each focal 
plane. An image processing unit generates the all-in-focus image and the depth 
information for in-focus image from original two-dimensional images. All the 
processes are achieved within a imit time which is less than or equal to the afterimage 
time of the human eye. 

The image sensor takes original two-dimensional images with different focal planes 
that are shifted by changing the focal length of the micromirror array lens. The image 
processing unit extracts in-focus pixels or areas from original pictures at different focal 
planes and generates an all-in-focus image. Three-dimensional information of the 
image can be obtained from the focal plane of each in-focus pixel. 

By changing the focal length of the camera system 905 in multiple steps, a single 
imaging camera/tracking system using a micromirror array lens may acquire three- 
dimensional information about a tracked object. The principles of acquiring three- 
dimensional information are described in detail in US Pat. App. Ser. No. 10/822,414 
(Apr. 12, 2004) (Atty. Docket No, 1802.04). 

Fig. 1 0 is a flow diagram of a method in an optical system having at least one 
micromirror array lens. At step 1010, an object image is captured. At step 1020, the 
object image is focused by adjusting the micromirror array lens. In one embodiment, 
the method also includes adjusting the focal length of the optical system by adjusting 
the micromirror array lens. In another embodiment, the method also includes adjusting 
the field of view of the optical system by adjusting the micromirror array lens. In 
another embodiment, the method also includes adjusting the optical axis of the optical 
system by adjusting the micromirror array lens. In one embodiment, the adjusting of 
the optical axis of the optical system by adjusting the micromirror array lens is 
performed quickly to provide a large searching area. In another embodiment, the 
method also includes measuring the distance a tracked object by adjusting the 
micromirror array lens. In another embodiment, the method also includes measuring 
three-dimensional information of a tracked object by adjusting the micromirror array 
lens. In another embodiment, a time-sharing technique (with one camera) is used with 
the optical system to obtain a wide field of view image and a narrow field of view 
image within a short time period. 

In one embodiment of the present invention, the imaging device (imaging camera) 
may have a configuration similar to a prior art imaging device, except that a 
micromirror array lens is used. Furthermore, many different image processing 
techniques may be used in conjunction with the embodiments of the present invention, 
including those techniques found in the prior art. Additionally, in one embodiment, 
the tracking system may have a similar configuration to that of the prior art. 
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[53] The terms 'optical tracking system', 'image tracking system', and 'tracking system' 

are used interchangeably. The terms 'imaging device', 'imaging camera', and 'camera 

system' are used interchangeably. 
[54] The advantages of the present invention include ability to rapidly change the focal 

length and optical axis of a camera system, allowing for high-resolution, wide-angle 

imaging. 

[55] While the invention has been shown and described with reference to different 

embodiments thereof, it will be appreciated by those skills in the art that variations in 
form, detail, compositions and operation may be made without departing from the 
spirit and scope of the invention as defined by the accompanying claims. 
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Claims 

[1] An optical system comprising at least one camera system, the at least one camera 

system including: 

a) an objective lens system, configured to receive an object image; 

b) at least one micromirror array lens, optically coupled to the objective lens 
system, configured to focus the object image received by the objective lens 
system onto an image sensor; and 

c) the image sensor, optically coupled to the micromirror array lens, conJSgured to 
receive the focused object image from the micromirror array lens and to sense 
the focused object image. 

[2] The optical system of claim 1, further comprising: 

an image processor, commimicatively coupled to the image sensor, configured to 
process the object image sensed by the image sensor and to generate image data and 
position information of the object. 

[3] The optical system of claim 2, wherein: 

the image processor includes aa object identification and recognition algorithm. 

[4] The optical system of claim 2, further comprising: 

a) a tracking controller, communicatively coupled to the image processor, 
configured to generate a tracking signal to control at least one of the group 
consisting of: 

b) an attitude of the camera system; 

c) an optical axis of the micromirror array lens; and 

d) a focal length of the micromirror array lens. 

[5] The optical system of claim 4, wherein the tracking controller includes an attitude 

control algorithm to control the attitude of the camera system. 

[6] The optical system of claim 4, wherein the tracking controller includes a control 

algorithm to control at least one of the group consisting of: 

a) the optical axis of the micromirror array lens; and 

b) the focal length of the micromirror array lens. 

[7] The optical system of claim 4, further comprising: 

a movement system, mechanically coupled to the camera system and 
communicatively coupled to the tracking controller, configured to adjust the attitude 
of the camera system in response to the tracking controller signal. 
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[8] The optical system of claim 7, wherein: 

the movement system includes at least one of the group consisting of: 

a) a servo; and 

b) a gimbal system. 

[9] The optical system of claim 1 , wherein the at least one camera system includes a 

zoom lens system. 

[10] • A method in an optical system having at least one micromirror array lens, 

comprising: 

a) capturing an object image; and 

b) focusing tlie object image by adjusting the micromirror array lens. 

[11] The method of claim 10, further comprising: 

adjusting the focal length of the opticEil system by adjusting the micromirror array 
lens. 

[12] The method of claim 10, further comprising: 

adjusting the field of view of the optical system by adjusting the micromirror array 
lens. 

[13] The method of claim 10, further comprising: 

adjusting the optical axis of the optical system by adjusting the micromirror array 
lens. 

[14] The method of claim 13, wherein: 

the adjusting of the optical axis of the optical system by adjusting the micromirror 
array lens is performed quickly to provide a large searching area. 

[15] The method of claim 10, further comprising: 

measuring the distance a tracked object by adjusting the micromirror array lens. 

[16] The method of claim 10, further comprising: 

measuring three-dimensional information of a tracked object by adjusting the 
micromirror array lens. 

[17] The method of claim 1 0, further comprising: 

using a time-sharing technique with the optical system to obtain a wide field of view 
image and a narrow field of view image within a short time period. 
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ABSTRACT: 



CHG DATE=20070713 STATUS=0>An optical tracking 
system using a variable focal length lens includes 
at least one camera system, and the at least one 
camera system includes an objective lens system, 
configured to receive an object image, and at 
least one micromirror array lens, optically 
coupled to the objective lens system, configured 
to focus the object image received by the 
objective lens system onto an image sensor. The 
image sensor is optically coupled to the 
micromirror array lens, configured to receive the 
focused object image from the micromirror array 
lens and to sense the focused object image. The 
advantages of the present invention include 
ability to rapidly change the focal length and 
optical axis of a camera system, allowing for high- 
resolution, wide-angle imaging. 
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